INTRODUCTION
Safe travel for all road users is a prerequisite for ensuring sustainable and inclusive cities. Providing safe transport system is an objective for sustainable transport, because risk of injuries and deaths from traffic crashes has become a major public health concern worldwide (WHO, 2011) 1. At the same time safety of pedestrians, bicyclists and public transport users also has an impact on the choice of these modes. Risk to pedestrians, bicyclists and public transport users can be reduced by appropriate street designs and neighbourhood environment. Safer pedestrian and bicycle infrastructure results in increased use of these environment friendly modes (Tiwari & Jain, 2012) 2 . Safe travel options for women in general and specifically low income women are important for addressing livelihood and poverty issues for a significant proportion of urban population in low income countries like India. In this paper we present data from two Indian cities-Vishakhapattanam( a city in south India with a population of 1.7 million persons) and Delhi the capital city of India having 16.4 million residents to compare the travel patterns of women and men. The household survey in Delhi focused on low income settlements since poverty adds another dimension to gender bias. The survey repeated after ten years shows that the travel patterns remain unchanged. Women travel shorter distances, are dependent on lower cost modes-walking and public transport and perform multi-purpose linked trips. In view of the sustainability requirements, lower mobility of women must be addressed by ensuring safe accessibility to employment opportunities by walking, bicycles and public transport. The paper concludes with possible interventions required to ensure safe and secure travel of women at land use planning level and street design level.
Worldwide men have higher risk of getting involved in traffic crashes than women (WHO).This is primarily attributed to lower presence of women on the road as compared to men, and differential risk taking behaviour observed in men and women. Safety and security of transport systems may have an impact on not only the choice of destination and mode used but the decision to travel itself.
Travel patterns of men and women are different has been reported by different researchers for a long time. Travel patterns of men and women differ across geographical locations, city size and income groups. In general women travel shorter distances, are more dependent on nonmotorized modes of transport and public transport. Hanson (2010) 3 concludes that the fact the women have lower mobility than men, many feminist researchers see spatial mobility as empowering and not oppressive. Lower mobility as shown by shorter distances travelled, mostly dependent on walking, and public transport is equated to lower access to employment opportunities and lower status on women. However, the understanding of sustainability will require revisiting the interpretation of lower mobility in view of the requirements of sustainable development and sustainable transport. Empowerment of women will have to come through enhanced accessibility to various opportunities without dependence on motorized mobility.
SUSTAINABLE TRANSPORT: ACCESS VS MOBILITY
Sustainable transport is often defined as one that meets the mobility needs of all users with least adverse effects on users as well as non-users. Adverse effects are in the form of poor air quality, risk of traffic crashes, lack of activity leading to obesity and other life style related diseases. Least adverse effects on users and non-users is possible when majority city residents have to travel short distances thus reducing the exposure to air pollution as well risk from traffic crashes. Short distances are conducive to travel by active (walking and bicycling) transport which is environment friendly along with giving health benefits to the users.
Walking, bicycling and public transport have least adverse effects on environment both local and global. These are also known as active transport, because the users are involved in physical activity which results in health benefits.
In the past few decades sustainable transport has become one of the main goals of transport planning and policy in many countries. Sustainable transport has also been viewed as the expression of sustainable development (Castillo and Pitfield 2010) 4 . There is no universally accepted definition of sustainable transport. Often sustainable transport concept has been framed by proposing principles and desirable attributes of the system. "Sustainable transport" arising from the concept of sustainable development, decouples dependence on oil; constrains GHG emissions; encapsulates having accessibility to basic daily needs consistent with human and ecosystem health; and meets affordability, equity and efficiency requirements by providing fairness across and within. (Bongardt et al. 2011; ECMT 2004; CST 2002; May et al. 2001) 5 proposed five objectives for sustainable transport: Distinction between the concept of Accessibility and mobility is important for sustainable and equitable transport debate. Accessibility is a description of the proximity to destinations of choice and the facilitation offered by the public transport systems to reach them (Anand, 2007) 6 . Accessibility as defined by Burns (1979) includes the as ability of an individual to be able to participate in an activity or set of activities (Odoki et al., 2001) 7 . This definition has been extended to include temporal and individual components along with spatial and transportation components (Geurs and Ritsema van Eck, 2001) Mobility is both the ability to travel to destinations of choice and the amount of movement necessary to do so. By definition, the ability to travel of the household is seen as positive mobility from the socio-economic perspective because indicates that people are traveling for employment, education and other purposes thus enabling value addition to the households. On the other hand the amount of movement is seen as negative mobility from the socio-economic perspective because it uses resources of the household, like time and money, which could have been better utilized to upgrade the quality of life of the household.
Women travel patterns need to be examined in the context of sustainable transport system as discussed in the previous section with an added dimension of transport-shelter-livelihood link.
THE SHELTER-TRANSPORT-LIVELIHOOD LINK
The intimate interconnections between urban transport and land-use patterns are well-known though there has been little analysis of the connections with poverty (which are somewhat complex). Common features of the land-use patterns of large low-income cities in Asia include: high urban densities (usually well above 150 persons per hectare) despite a generally low-rise built fabric; intense mixing of different land uses at a fine scale, especially in inner areas; lowincome settlements interspersed or mixed with other land-uses throughout the urban area; a high proportion of jobs (in both secondary and tertiary sectors) located in the central and inner areas of the city; however, within this inner area jobs are often relatively dispersed with no intense concentrations of employment (Barter 1998) 9 .
Such land-use features developed in response to the requirements of transport systems are dominated by non-motorized transport, buses, and para-transit systems. They also developed in ways that tended to minimize the need for expensive motorized travel. For example, high densities and intense mixing of land uses allow for many daily trips to be very short and thus able to be made by foot or by non-motorized vehicle. Once a city grows too large to be served primarily by non-motorized transport, a relatively centralized pattern of employment maintains a potential to support plentiful bus and jitney service (although for various reasons this potential is not always realized). Although there are some problems associated with high levels of crowding, such an urban form is apparently in many ways intrinsically pro-poor, in the absence of significant numbers of private cars.
However, a number of trends associated with motorization (and other factors) have begun to undermine the pro-poor features of many large Asian cities (and have created other transportrelated problems). As upper and middle-income earners have acquired private vehicles, real estate developers increasingly locate new developments to be easily accessible by private vehicle, even if this leaves them inaccessible by public transport and non-motorized transport.
To the extent that high-speed, high-capacity roads have been built, they have tended to encourage haphazard development in long corridors, resulting in longer trip distances for residents of such areas. Although Asian cities have spread out to some extent as they have motorized, this is a slow process and most still retain high urban densities, especially in their inner areas. High-density cities are unsuited to high rates of private car use and inevitably have low levels of road capacity. Congestion has therefore become serious even at low levels of motorization. The rise of private vehicular traffic has decreased bus speeds and service levels drastically and made non-motorized transport dangerous and difficult. Travel for the poor has thus become slower and more difficult even as other economic and planning forces have caused many of them to be displaced from central informal settlements to more peripheral locations (Immers and Bijil 1993) 10 .
Many economic development programs completely miss the link between housing location, livelihoods of the poor and transport. Access to affordable transport is one of the most important factors in determining livelihoods for the urban poor. A survey by SPARC in central Bombay of pavement dwellers showed that 80% walked to work. Their choice came down to: "they were willing to live in congested dwellings without safety or security just so they could walk to work" (Gopalan 1998)
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. Other studies have found similarly very limited mobility by the urban poor. Some of the urban poor have to make a different trade-off by accepting long travel distances from a peripheral location in order to obtain affordable but secure housing. For some this trade-off is forced on them, since in many cases relocation sites (after evictions) are often in remote locations that take little or no account of access issues (Fernandes 1998) 12 Urban transport interacts with employment issues for the poor in two main ways: indirectly by providing access to employment opportunities and directly through employment of low-income people in the transport sector. The relative immobility of the urban poor, especially poor women is a central fact in their lives and severely limits their employment options. It has already been mentioned above that the poor must trade-off the time and cost required to access livelihood opportunities against security and quality of housing. . This has marginally changed since 1995 when women were estimated to account for 70% of those living in poverty worldwide (UNDP, 1995) . The growing literature on women and transport has also clearly shown that they tend to have different travel needs deriving from the multiple tasks they must perform in their households and in their communities (Greico and Turner, 1997) 14 . Low-income women tend also to be less mobile than men in the same socio-economic groups. They are more dependent on walking and tend to have less access to any bicycles or motorcycles in a household. Social restrictions hinder women's mobility in many cultures (Gopalan, 1998) . Efforts to increase the mobility of poor women may face stiff resistance from those who feel threatened or offended by such direct empowerment of women (UNDP, 1998) . Sexual harassment on streets and on public transport is also an issue. Since many more women than men are the care-givers of frail-elderly people, people with disabilities and of children, the transport problems of these disadvantaged groups also impact disproportionately on women. Poverty, of course, compounds each of these disadvantages.
Gender bias can result when there is a failure to recognize that the same service delivers different benefits to men and women. For example, the poorest households are often located on the edges of urban centres where public transport services are infrequent. In Delhi, for example, the relocation of squatter communities to the outer periphery of the city has been especially damaging to women's ability to earn a living. Female unemployment in the new squatter camps rose by 27% compared to 5% for men (Moser and Peake, 1987, cited in Alling et al 1997) 15 . Visakhapatnam is the second largest urban agglomeration in Andhra Pradesh with a population of about 1.73 million (Census, 2011) . It has been and continues to be a hub of economic activity in the region, thereby leading to more and more people migrating to the city. Work trips among females are less than males and religious trips (going to place of worship) is much more amongst females as compared to males. Trips made for all other purposes remains more or less the same. Table 2 shows use of different modes. Walking has the highest share of trips; however, this is much more the case for women than men. The use of motorized two wheeler and bus transport is more marked for men. Tables 3 and 4 show trip distance and trip time. Women travel shorter distances, however travel time is similar, showing dependence of women on non-motorized slower modes of transport. 
TRAVEL PATTERN OF WOMEN IN INDIAN CITIES

. Travel Mode of Women and Men in Different income groups
With increase in income share of work trips increase in women, however it remains lower than men. Share of religious trips seems to decrease amongst women with increase in income. Figure 2 shows dominance of walk trips amongst women as compared to men, however with increase in income this gap seems to reduce. Similarly with increase in come, gap in public transport trips amongst women and men seem to be narrowing, higher income men and women have similar share of trips on public transport. Bicycle users are more amongst men as compared to women. Women either walk to work or use public transport. Share of women walking to work is much higher (52%) than men(26%).
A follow up survey(TRIPP, 2012) done in Delhi of low income households shows more women employed in informal employment as compared to men(86% vs 74%). Amongst employed persons, women are more dependent on walking as compared to employed men. Use of bicycle is negligible amongst women, and bus use is much less than men. Differences in travel trends observed in 2001 remain unchanged after ten years. Two important conclusions emerge from this data. Women are dependent on walking regardless of income differentiation. There is a significant difference in distances travelled by women and men, however, travel time is similar, implying that men have higher spatial accessibility. Lower use of bicycles and public transport has been observed earlier (Anand and Tiwari, 2006) . In lower income groups, women may have lower access to bicycle both due to lower ownership of vehicles as well as inequality amongst men and women in households. Men have the 'first right' over the vehicle owned by households. Lower use of public transport by low income women is also due to cost implications of public transport. A subsidized public transport also remains prohibitively expensive to a significant proportion of the population (Tiwari,2002) 20 .
For a shortest trip by bus in Delhi the monthly expenditure would be at least Rs. 600 per person. If two persons travel in a household, this would require a monthly income of about Rs.12000-15000 assuming at least 10% income will be spent on transport needs. 
SAFETY PERCEPTIONS OF BICYCLE, PEDESTRIANS AND PUBLIC TRANSPORT USERS
Lower use of bicycle and public transport is observed in middle income and high income households also. Lack of safe infrastructure and fear from crime has been reported as one of the most important reasons for not using bicycles for short trips (Jain and Tiwari,2011) 21 . This study reported survey of current bicyclists and potential bicyclist in Pune, India. Most cyclists in Indian cities are not using bicycles by choice. However, there is a huge potential of cycle trips due to presence of short trips and high ownership of bicycles amongst middle and high income households in Indian cities. The survey targeted current cyclists (captive cyclists) and potential cyclists both. The current captive cyclists and potential cyclists, both attach higher scores/ranks (consider it most important or important) to physical safety (up to 75% in captives and 82% in potential cyclists). This is closely followed by the social security (62% in captive users and 58% in potential users). Twenty eight percent of captive and potential cyclists consider conditions at intersections as barrier to cycling. Preferences of women and men for bicycle routes show similar trends except a few variables. Women attach lower weights to intersections and other barriers as compared to men. Women also gave higher weight to social security aspects, informal land use presence and formal land use mix. This further emphasizes the importance of social security for women. . Rankawat et al. reported the results of pedestrian preferences about the pedestrian facilities, across and along the road, in Delhi, India to understand how built environment could be improved to facilitate pedestrian movement. The study showed that usage of subways is less by female respondents, zebra crossing is convenient in usage but not safe and usage of the footpaths can be increased by increasing safety. The study also showed that the majority of the people do not find it safe to walk in Delhi with the present state of street lighting. Women and men again showed different trends in using different facilities. The study reported that there was less use of subways by female respondents as compared to their male counterparts and use of subways was positively related with convenience perception. As the pedestrians perceived subways as more and more convenient, they tend to use it more. Cheung and Lam (1998) 23 also found that pedestrians prefer escalators to stairways. Age, gender and convenience perceptions are statistically significant for the use of zebra crossing, while safety perception is not statistically significant. Use of zebra crossings was preferred by women.
Convenience perception is statistically significant for the use of foot over bridge (FOB). Gender parameter is approximately 83% significant, implying that there was less use of foot over bridge by female respondents as compared to their male counterparts. These findings can be used to redesign safe pedestrian crossing facilities for all in cities.
IMPACT OF CURRENT PLANNING PRACTICES AND URBAN ROAD DESIGNS
Resettlement Policies of low income residents have led to lower access to employment opportunities for all but more for women. Most of urban landuse policies have not been very effective in addressing the needs of poor households who locate close to employment opportunities in the city, often squatting on the land not designated for residential use as per the master plan. However, this location results in short travel distances for pedestrians and bicyclists.
Urban planning and Safety
City planning policies which include the location of different activities, location of residential areas and planning of transport networks influence the choice of transport modes as well as distances that various people have to travel. Thus exposure to road traffic risk is influenced by the planning policies at city level. Mixed land use patterns reduce the length of trips and thus exposure to road traffic injuries. Often poor households are relocated at the outskirts of the city limits where land is cheap. This results in long pedestrian and bicycle trips increasing exposure to road traffic crashes. Thus road traffic risk to different road users is influenced by the city planning policies. Anand (2007) 24 showed, for poor households relocated to new areas in Delhi to make space for metro construction in Delhi, there was a significant impact on the indicators of accessibility and mobility. The land-use accessibility deteriorated as distance to education, health services and other urban services increased for 52%, 63% and 52% of the households respectively. The transport accessibility deteriorated even more as distance to bus stop increased for 72% of the households and the bus frequency decreased, on an average, from 5 min to 63 min (almost 13 times). The mobility of the households increased significantly. The per capita trip rate for work increased for 49% of the households and decreased for 30%, implying change in the number of trips made for work in the households. The share of bicycles used decreased for 59% of the households. The mobility indicators for travel to work -distance, time and cost -increased for 83%, 82% and 61% of the households respectively.
The case study from Delhi shows how the land use policies supporting the official Delhi Master plan result in relocating poor households to the outskirts of the city to accommodate transport infrastructure like road expansion or the metro. This has resulted in increased travel distances and travel time for most households. The longer walking and bicycle trips on roads without any dedicated facilities for theses modes increase the risk of getting involved in a fatal crash. The current relocation policies increase the vulnerability of the current vulnerable road users. The land use policies must ensure that especially the poor households, who cannot afford any form of motorized travel, are located close to employment opportunities resulting in short travel distances. This will result in reducing the risk of fatal crashes because the distances and travel time will reduce in addition to increasing the accessibility to education, health facilities and employment opportunities.
URBAN ROAD DESIGN AND SAFETY
At design level, design of road infrastructure (road cross section, carriageway width, intersection design), facilities for pedestrians, bicycles and public transport users influence the risk taking behaviour of road users. This includes observance of speed limits by car and bus drivers, waiting for sufficient gaps by pedestrians and use of zebra crossings and pedestrian subways. A study (Gupta et al., 2010) 25 was carried out at the AIIMS flyover interchange in New Delhi. This intersection carries large flows of bus, pedestrian, and motor traffic. The Ring Road, which is a major arterial road, and Aurobindo Marg forms the AIIMS grade-separated interchange. Traffic data collection allowed the study of road user behaviour earlier when the AIIMS junction was an atgrade, signalized intersection and presently when the site is a grade separated interchange with no traffic signal control. Analysis produced results pertaining to The study showed that higher percentages of vehicles are traveling with higher speeds in all categories after reconstruction. Risk to pedestrians has increased because conflicting vehicle speeds after reconstruction are higher as compared to before reconstruction.
For those pedestrians who crossed at risk, average accepted gap decreased in the after reconstruction case. They accepted greater risk in each stage of crossing primarily because of the higher average speeds of the vehicle groups. The speeds increased 21.6%, 22.6%, 15%, 31.6 % for the heavy vehicle, car, motorized three-wheeler, and motorized two wheeler groups, respectively. The probability of pedestrian fatality with a specific vehicle group increase 67 percent, 100 percent, 100 percent, and 200 percent, respectively.
Twenty two percent of pedestrians accepted increased risk despite the presence of a nearby pedestrian underpass. The study concluded that after the construction of grade separated junction risk to pedestrians increased substantially both because of higher speeds of motorized vehicles and because of accepting shorter gaps by pedestrians for road crossing.
The conventional understanding of measuring performance of a transport infrastructure is biased towards the car traffic. Level of service of an intersection is measured in terms of delay faced by the motorized traffic. Therefore delays faced by motorized traffic at intersections have become a major source of concern for planners, traffic policy and road owning agencies. Road expansion schemes and signal free junctions have become synonymous with "improvement" of transport infrastructure. Since problems faced by pedestrians and bicyclists, the two most vulnerable road users are not viewed as major transport issues, the "improvement" strategies do not take into account impacts on pedestrian movements. The conversion of signalized junction at AIIMS in Delhi to signal free junction has resulted in increase in motorized traffic and increase in risk faced by pedestrians while crossing the road. However, when road designs include the needs of pedestrians, bicyclists and public transport vehicles as the Delhi BRT case study presented, number of crashes can be reduced 26 .
WHAT CAN BE DONE?
Women have different travel patterns is universally observed and has been reported several times in the last three decades. The travel choice is embedded in several social context and complex relationships in the society (Hanson, 2010) . The debate on sustainability has added another dimension to mobility poverty of women. The sustainability concern requires changing the focus from mobility and enhancing accessibility with less dependence on motorized modes especially private cars. An important change required at all level of interventions is to accept women centric planning and design as the minimum requirement for inclusive and sustainable development. As argued by Murthy (2011) 27, Urban form and transport needs must be recast based on collective aspirations for public space. In the case of developing countries like India, enhanced accessibility must ensure safe pedestrian and bicycle access to various opportunities. Therefore, planning and designing safe transport systems for women requires intervention at three levels:
Urban planning policies and land use policies decide the location of different activities and location of residential areas. Most of these policies have not been very effective in addressing the needs of poor households who locate close to employment opportunities in the city often squatting on the land not designated for residential use as per the master plan. However, this location results in short travel distances for pedestrians and bicyclists. This also provides more employment The case study from Delhi shows how the land use policies supporting the official master plan result in relocating poor households at the outskirts of the city to accommodate transport infrastructure like road expansion or metro. This has resulted in increasing travel distances and travel time for most households. The longer walking and bicycle trips on roads without any dedicated facilities for theses modes increase the risk of getting involved fatal crash. The current relocation policies increase the vulnerability of the current vulnerable road users. If the land use policies ensure that especially the poor households who cannot afford any form of motorized travel are located close to employment opportunities resulting in short travel distances. This will result in reducing the risk of fatal crashes because the distances and travel time will reduce in addition to increasing the accessibility to education, health facilities and employment opportunities.
Street Designs: The conventional understanding of measuring performance of a transport infrastructure is biased towards the car traffic. Level of service of an intersection is measured in terms of delay faced by the motorized traffic. Therefore delays faced by motorized traffic at intersections have become a major source of concern for planners, traffic policy and road owning agencies. Road expansion schemes and signal free junctions have become synonymous with "improvement" of transport infrastructure. Since problems faced by pedestrians and bicyclists, the two most vulnerable road users are not viewed as major transport issues, the "improvement" strategies do not take into account impacts on pedestrian movements.
Improving pedestrian safety requires making pedestrian safety audits and pedestrian compliant designs mandatory in cities. While improved geometric standards and operational measures will have an impact on physical safety, policies of encouraging 27
Murthy, Kavya, (2011), Urban Transport and the right to the city, accessibility and mobility in Marie-Helene Zerah, Veronique Dupont and Stephanie Tawa Lama Rewal (eds), Urban Policies and the Right to the City in India: Rights, Responsibilities and Citizenship, UNESCO, INDIA and CSH, India, presence of street vendors and activity along the travel corridor will ensure social security.
Public transport infrastructure: Design of public transport infrastructure which includes access to public transport stops, the design of the stop, vehicle design will have to become safety and security compliant. Cardia (2012) has given a list of policy interventions required to improve public transport safety for all. These are:
Public transport safety must be guaranteed during the whole length of the trip: on vehicles, during the waiting time, and on the routes of access to stations and stops. Every access should be checked and improved.
Old people and women are particularly sensitive to the problems of personal safety on public transport networks. Increasingly frequent action is required by the operators.
The need of taking immediate action requires a direct connection between staff, the operational centre and the police.
Lighting, good design, visibility at stops and stations are an essential component in creating feelings of security.
In transportation planning, of course there needs to be a hierarchy with pedestrians and cyclists (the most vulnerable group) at the top and car users at the bottom. Instead of trend projections from the past, we have to depend on scenario building techniques-for instance, transport planners need to have a city vision; they need to think about how the quality of life in a city would be affected by a particular choice in transport. The choices made will go a long way in determining people's behaviour and lifestyles. To do this, planners will need to assess the impact their decisions will make on safety, socioeconomic benefits to different users groups and environmental aspects.
